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vented the expenditure of great sums of money on the 
State canal in the first instance, and upon the Pawnee 
Pass reservoir project in the second. 

Survey data seem to be in great demand as unim· 
peachable testimony in the legal controversies that 
have arisen in this State in regard to irrigation mat· 
ters. A most notable Instance is the case of the Colo
rado and Southern Railroad vs. the Denver Union 
Water Company, in which the sum of $100,000 was 
involved. 

Data obtained by the Survey in regard to the amount 
of water power available at certain places have in· 
fluenced the plans of the Glenwood Springs Light and 
Power Company, the New Century Light and Power 
Company, and also proposed power companies on Clear 
and St. Vrain's creeks. None of these projects has yet 
been carried to a conclusion, but some of them will 
undoubtedly be eventually constructed. 

Colorado cities seeking a suitable water supply have 
frequently consulted data obtained by the Survey. In 
the case of Durango, in southwestern Colorado, the 
discharge of Florida River was especially studied in 
order to ascertain whether a gravity water system 
would be feasible at that point. 

The location of various manufacturing industries 
has been determined by reports from Survey engineers 
on the available water supply. Conspicuous instances 
of this are the construction of the American Beet 
Sugar Company's plant at Rocky Ford and the erection 
of the sugar factory at Loveland. 

THE LIFE OF A FOREST.* 
By GIFFORD PINCHOT. 

THE history of the life of a forest is a story of the 
help and harm which the trees receive from one an· 
other. 011. one ,side every tree is engaged in a relent· 

'less struggle against its neighbors for light, water, and 
food, the three things trees need most. On the other 
side, each tree is constantly working with all its neigh
bors, even those which stand at some distance, to 
bring about the best condition of the soil and air for 
the growth and fighting power of every other tree. 

The life of a community of trees is an exceedingly 
interesting one. A forest tree is in many ways as 
much dependent upon its neighbors for safety and 
food as are the inhabitants of a town upon one another. 
The difference is that in a town each citizen has a 
special calling or occupation in which he works for 
the service of the commonwealth, while in the forest 
every tree contributes to the general welfare in nearly 
all the ways in which it is benefited by the com
munity. A forest tree helps to protect its neighbors 
against the wind, which might overthrow them, and 
the sun, which is ready to dry up the soil about their 
roots or to make sun cracks in their bark by shining 
too hotly upon it. It enriches the earth in which they 
stand by the fall of leaves and twigs, and aids in keep
ing the air about their crowns, and the soil about 
their roots, cooler in summer and wanper in winter 
than it would be if each tree stood alone. With the 
others it forms a common canopy under which the 
seedlings of all the members of this protective union 
are sheltered in early youth, and through which the 
beneficent influence of the forest is preserved and ex
tended far beyond the spread of the trees themselves. 
But while this fruitful co-operation exists, there is also 
present, just as in a village or a city, a vigorous strife 
for the good things of life. For a tree the best of 
these, and often the hardest to get, are water for the 
roots and space and light for the crown. In all but 
very dry places there is water enough for all the trees, 
and often more than enough, as for example in the 
Adirondack forest. The struggle for space and light 
is thus more important than the struggle for water, 
and as it takes place above ground it is also much 
more easily observed and studied. 

Light and space are of such Importance because the 
leaves cannot assimilate or digest food except in the 
presence of light and air. The rate at which a tree 
can grow and make new wood is decided chiefly by its 
ability to assimilate and digest plant food. This 
power depends upon the number, size, and health of 
the leaves, and these in turn upon the amount of space 
and light which the tree can secure. 

The story of the life of a forest crop is then largely 
an account of the competition of the trees for light 
and room, and, although the very strength which en
ables them to carry on the fight is a result of their 
association, still the deadly struggle, in which the 
Victims are many times more in number than those 
which survive, is apt alone to absorb the attention. 
Yet the help of the trees to one another is always 
going quietly on. Every tree continually comforts 
and assists the other trees, which are its friendly 
enemies. 

The purpose here is to follow the progress of a forest 
crop of uniform age from the seed through all the 
successive phases of its life until it reaches maturity, 
bears seed in its turn, and finally declines in fertility 
and strength until at last it passes away and its place 

'i3 filled by a new generation. The life history which 
we are about to follow, as it unfolds itself through 
the course of several hundred years, is full of struggle 
and danger in youth, restful and dignified in age. The 
changes which pass over it are vast and full of the 
deepest interest, but they are very gradual. From be
ginning to end one stage melts insensibly into the 
next. Still, in order to study and describe them con
veniently, each stage must have limits and a name. 

A very practical way of classifying trees according 

* Abstracted from Farmers' Bulletin No. 173 of the U. S. Dept. of Agri
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to size is the following: Young trees which have not 
yet reached a height of 3 feet are seedlings. They 
are called seedlings in spite of the fact that any tree, 
of whatever age, if it grew from a seed, is properly 
called a seedling tree. Trees from 3 to 10 feet in 
height are small saplings, and from 10 feet in height 
until they reach a diameter of 4 inches they are large 
saplings. Small poles are from 4 to 8 inches in 
diameter, and la,rge poles from 8 to 12 inches in 
diameter. Trees from 1 to 2 feet through are stand
ards, and, finally, all trees over 2 feet in diameter are 
ve terans. 

It is very important to remember that all these 
diameters are measured at the height of a man's chest, 
about 4 feet 6 inches from the ground. In forestry 
this is, roughly speaking, the general custom. 

Let us imagine an abundant crop of tree seeds lying 
on the ground in the forest. How they came there 
does not interest us at present; we do not care to 
know whether they were carried by the wind, as often 
happens with the winged seeds of many trees, such 
as pines and maples, whether the squirrels and birds 
dropped and planted some of them, as they frequently 
do acorns and chestnuts, or whether the old trees 
stood closely about and sowed the seeds themselves. 
We will suppose them to be air of one kind, and to be 

" scattered in a place where the soil, the moisture, and 
the light are all just as they should be for their suc
cessful germination, and afterward for the later stages 
of their lives. Even under the best conditions a con
siderable part of the fallen seed may never germinate. 
but in this case we will assume that half of it succeeds. 

As each seed of our forest germinates and pushes 
its first slender rootlet downward into the earth, it 
has a very uncertain hold on life. Even for some time 
afterward the danger from frost, dryness, and exces
sive moisture is very serious indeed, and there are 
many other foes by which the young seedlings may 
be overcome. It sometimes happens that great num
bers of them perish in their earliest youth because 
their roots cannot reach the soil through the thick, 
dry coating of dead leaves which covers it But our 
young trees pass throu;;h the beginning of these 
dangers with comparatively little loss, and a plentiful 
crop of seedlings occupies the ground. As yet, how
ever, each little tree stands free from those about it. 
As yet, too, the life of the young forest may be threat
ened or even destroyed by any one of the enemies al
ready mentioned, or it may suffer just as severely if 
the cover of the older trees above it is too dense. In 
the beginning of their lives seedlings often require to 
be protected by the shade of their elders, but if this 
protection is too long continued they suffer for want 
of light, and are either killed outright or live only to 
drag on stunted and unhealthy lives. 

The crop which we are following has had a suitable 
proportion of shade and light during its earliest years, 
and the seedlings have spread until their crowns begin 
to meet. Hitherto each little tree has had all the 
space in the air and soil that it needed for the ex
pansion of its top and roots. This would have been 
entirely good, except that meanwhile the soil about 
the trees has been more or less exposed to the sun and 
wind, and so has become dryer and less fertile than if 
it had been under cover, and consequently the growth 
has been slow. But now that the crowns are meeting, 
the situation becomes wonderfully changed. The soil 
begins to improve rapidly, because it is protected by 
the cover of the meeting crowns and enriched by the 
leaves and twigs which fall from them. 

In so far the conditions of life are better, and in con
sequence the growth, and more especially the height 
growth, begins to show a marked increase. On the 
other hand, all the new strength is in immediate de
mand. With the added vigor which the trees are now 
helping each other to attain, comes the most urgent 
need for rapid development for the decisive struggle 
at hand. The roots of the young trees contend with 
each other in the soil for moisture and the plant food 
which it contains, while in the air the crowns struggle 
for space and light. The latter is by far the more 
important battle. The victors in it overcome by 
greater rapidity of growth at the ends of the branches, 
for it is by growth there, and there only, that trees 
increase in height and spread of crown. Growth in 
this way was going on unchecked among the young 
trees before the crowns met, but now only the upward
growing branches can develop freely. The leaves at 
the ends of the side branches have now less room 
and, above all, less light, for they are crowded and 
thrust aside by those of the other trees. Very often 
they are bruised by thrashing against their neighbors 
when the wind blows, or even broken off while still 
in the bud. Leaves exposed to such dangers are un
healthy. They transpire less than the healthy undis
turbed leaves of the upper part of the crown, and 
more and more of the undigested food from the roots 
goes to the stronger leaves at the top as the assimilat
ing power of the side leaves dwindles with the loss of 
light. The young branches share the fortunes of their 
leaves and are vigorous or sickly according to the con
dition of the latter. For this reason the growth of 
the tops increases, while that of the lower lateral 
branches, as the tops cover them with a deeper and 
deeper shade, becomes less and less. Gradually it 
ceases altogether, and the branches perish. This pro
cess is called natural pruning, and from the time when 
it begins the existence of the young forest, unless it 
should be overtaken by fire or some other great 
calamity, is practically secure. 

At this time, as we have seen, the crowns of all the 
young trees are growing faster at the tops than at the 
lOides, for there is unlimited room above. But some 
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are growing faster than others, either because their 
roots are more developed or in better soil than those of 
the trees about them, because they have been freer 
from the attacks of insects and other enemies, or for 
some similar reasons. Some trees have an inborn ten
dency to grow faster than others of the same species 
in the same surroundings, just as one son in a family 
is often taller than the brothers with whom he was 
brought up. 

Rapid growth in height, from whatever cause it pro
ceeds, brings not only additional light and air to the 
tree which excels in it, but also the chance to spread 
laterally, and so to complete the defeat of its slower 
rivals by overtopping them. 

Those trees which have gained this advantage over 
their neighbors are called dominant trees, while the 
surviving laggards in the race are said to be over
topped when they are hopelessly behind, and retarded 
when less badly beaten. Enormous numbers of seed
lings and small saplings are suppressed and killed dur
ing the early youth of the forest. In the young crop 
which we are following many thousands perish upon 
every acre. Even the dominant trees, which are tem
porarily free when they rise above their neighbors, 
speedily come into conflict with each other as they 
spread, and in the end the greater portion is overcome. 
It is a very deadly struggle, but year by year the dif
ferences between the trees become less marked. Each 
separate individual clings to life with greater tenacity, 
the strife is more protracted and severe, and the num
ber of trees which perish grows rapidly smaller. But 
so great is the pressure when dense groups of young 
trees are evenly matched in size and rate of growth 
that it is not very unusual to find the progress of the 
young forest in its early stages almost stopped and 
the trees uniformly sickly and undersized, on account 
of the crowding. 

The forest we have been following has now passed 
through the small-sapling stage, and is composed 
chiefly, but not exclusively, of large saplings. Among 
the overtopped and retarded trees, which often remain 
in size classes which the dominant trees have long 
since outgrown, there are still many low saplings. 
Even between the dominant trees, in a healthy forest, 
there are always great differences. Increase in height 
is now going on rapidly among these high saplings, 
and either in this stage or the next a point is reached 
when the topmost branches make their longest yearly 
growth, which is one way of saying that the trees 
make their most rapid height growth as large saplings 
or small poles. Later on, as we shall see, these upper 
branches lengthen much more slowly, until, in stand
ards and veterans, the growth in height is small, and 
in very old trees finally ceases altogether. 

While the trees are pushing up most rapidly, the 
side branches are most quickly overshadowed, and 
the process of natural pruning goes on with the 
greatest vigor. Natural pruning is the reason why old 
trees in a dense forest have only a small crown high 
in the air, and why their tall, straight trunks are 
clear of branches to such a height above th� ground. 
The trunks of trees grown in the open, where even the 
lower limbs have abundance of light, are branched 
either quite to the ground or to within a short dis
tance of it. But in the forest not only are the lower 
side branches continually dying for want of light, but 
the tree rids itself of them after they are dead, and 
so frees its trunk from them entirely. When a branch 
dies the annual layer of new wood is no longer de
posited upon it. Consequently the dead branch, where 
it is inserted in the tree, makes a little hole in the 
first coat of living tissue formed over the live wood 
after its death. The edges of this hole make a sort 
of collar about the base of the dead branch, and as a 

new layer is added each year they press, it moie and 
more tightly. So strong does this compression of the 
living wood become that at last what remains of the 
dead tissue has so little strength that the branch is 
broken off by a storm or even falls of its own weight. 
Then in a short time, if all goes well; the hole closes, 
anq after a while little or no exterior trace of it re
mains. Knots, such as those which are found in 
boards, are the marks left in the trunk by branches 
which have disappeared. 

'While the young trees are making clean trunks so 
rapidly during the period of greatest yearly height 
growth they are also making their greatest annual 
gains in diameter, for these two forms of growth gen
erally culminate about the same time. A little later, 
if there is any difference, the young forest's highest 
yearly rate of growth in volume is also reached. For 
a time these three kinds of growth keep on at the same 
rate as in the past, but afterward all three begin to 
decrease. Growth in diameter, and in volume also, if 
the trees are sound, goes on until extreme old age, 
but height growth sinks very low while the two others. 
are still strong. For many years before this happens 
the struggle between the trees has not been so deadly, 
because they have been almost without the means of 
overtopping one another. When the end of the period 
of principal height growth is reached the trees are 
interfering/with each other very little, and the strug
gle for life begins again in a different way. As the 
principal lieight growth ceases, and the tops no longer 
shoot up rapidly above the side branches, the crowns 
lose their pointed shape and become comparatively 
flat. The chief reason why trees stop growing in 
height is that they are not able to keep the upper 
parts of their crowns properly supplied with water 
above a certain distance from the ground. This dis
tance varies in di.fferent kinds of trees, and with the 
health and vigor of the tree in each species, hut there 
is a limit in every case above which the water does 
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